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FOREWORD

This quarterly progress report covers work performed
on Contract AF33(616)-6939, PN 3148, TN 30196 for
FTRPL, U.S. Air Force, Edwards AFB, California.

ADBSTRACT

This report describes the progress during the fourth
quarter of a research program to determine the hazards
of (1) pentaborane, (2) chlorine trifluoride, (3) nitro-
gen tetroxide, and (4) hydrazine, and associated air-
contamination phenomena. The application of this infor-
mation is in the basic design of storable propellant
handling and storage areas where practical safety cri-
teria are now lackirg. This report inecludes quantita-
tive results of fifty-seven small-scale spill tests to
supplement the visual results which had heen reported

in the previous progress report. Also included are
additional results from above-ground spills made with

the Titan II propellants.

R-2452.-5 iii
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INTRODUCT T ON

The vwphasis being placed on high-enermy propellants has made it imper-
ative Chat additional data concerning hazards assoeialed with these
chomicars he collocted Lo develop handling and stovage criteria and

eatablish practical salely procedures.

Periorminee ol Lhese studies and the development. of data is requesled

on Cand ract AF33{010)=H0349 Principal abjeclives of this program are

the determinalion of salety, medical, and design criteria lor systiems

tnvalving Lhe use ol

1. Nilrogen Letroxide
2, T'enlaburance
v, Chlarine Lrilluoride

he llydeazine

An addendum Lo Lhe above conbraclh rveguested Lhal additional work be
performed with systems ulilizing a 50=050 by weight mixture of hydra-
zine=UDMIL and nilrogen tetroxide,  This progeam, condueted For AFBMD,

wits designed Lo examine Ghe blast and Loxic hazoeds of spills in large

missile silos.
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SUMMARY

The large-scale spill tests of Phase III are expected to resume 23 May
1961. Toxicity-monitoring equipment will be available by 1 June 1961
for recording hydrazine and nitrogen telroxide concentrations on the

spills of these propellants.

The design criteria Engineering Design Manual has beer completed and re-
view copies are presently being distributed. The Propellant Handling
Manual is in rough draft form. After editing and typing, review copies

of this report will be distributed.

Quantitative results from 57 small-scale tests are presented 1o supple-~
ment the preliminary results from visual observations previously re-
ported. The spills of chlorine trifluoride, nitrogen tetroxide, hydra-
zine, and pentaborane were made singly and in pairs, on various surfaces
under different ambient conditions. The propellani combinations were
tested with both propellants spilled simultaneously, and with one propel~
lunt leading the other propellant. Results frem all combination spills
were recorded by direct observation and color motion pictures; micro-
phone transducers and sound tape were used to record overpressures that

occurred during the spills.

Chlorine trifluoride reacted with all surfaces (except the concrete),
causing either ignition or weak audible reports; spills of this propel-
lant caused a considerable release of toxic vapors. Spills of pentabor-
ane, on various surfaces, resulted in spontaneous ignition with air
under some of the conditions tested. On all surfaces except water, the
propellant ignited & ient teomporatures of 7N F n divt and as-
phalt surfaces, reaction between the surface and fuel ignited the propel-

lant below this temperature.

R-2452-5 3
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Spills of nitrogen tetroxide with chlorine trifluoride failed to show
any indication of reactions under any of the conditions tested. Hydra-
zine ignited instantaneously with chlorine trifluoride under all test
conditions. Some of the tests resulted in a series of very slight over-
pressures which were compared to equivalent overpressures originating
from smaller amounts of TNT. The largest TNT equivalent for this liquid
combination was 0.0045 percent. From the motion pictures and the over-
pressure measurements during these tesls, overpressures were traced to

reactions between hydrazine vapors and air.

Spills of pentaborane and chlorine trifluoride resulted in hypergolic
ignition and intense fireballs. Weak overpressures of less than 0.0003
percent TNT equivalent were recorded on six of the twelve combination
spills. Reactions that initiated the shock wave were thought to be re-
actions of free hydrogen, generated by the pyrolysis of pentaborane and

air.

Results {rom spills of hydrazine and nitrogen tetroxide were very simi-
lar to those of the Titan IT propellants previously reported. However,
the average TNT equivalents from these spills were slightly higher than
those recorded for the Titan II tests. The maximum value of overpres-
sures recorded was equal to a TNT equivalent of 0.75 percent. These

overpressures, as with the Titan IT spills, originated from vapor-phase

detonations of hydrazine-air mixtures a few feet above the surface.

The highest overpressure amplitudes that were recorded during the test
series were cavsed by spills of hydrazine and pentaborane on concrete,
dirt, and asphalt. Overpressures occurred as a singlc shock wave with
reflections and were originated at times varying from slightly after

ignitionn to lhe stairl ol Lhe pusb-teab purge., A um,jurli,y oi shock waves

h R-2452-5
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that resulted from the tests had not 'shocked up" by the time the wave
reached the overpressure transducers located at 10 feet. The largest
overpressure was recorded at a point 15 feet from the origin and was

3.15 percent equivalent of TNT. Initviation of the shock wave in each

test appeared to be a result of a hydrogen/air explosion in which the
hydrogen was generated by bipropellant reaction and, under some conditions,

was confined with air.

Inquiries concerning the characteristics of formation of the hall of
fire (fireball) on the spill reactions aboveground in the tray have
prompted addiiional discussion of the above-ground Titan II model mis-
sile studies. On these tests, 200 1b of nitrogen tetroxide and 100 1lb
of (50-50) hydrazine-UDMH were spilled from canks that were placed in a
test-stand structure with the oxidizer tank positioned above the fuel.
Blast measurements and photographic coverage were taken. The radius of
the fireball was estimated by comparing its size to the 20 x 20 ft spill
tray as shown in the high-speed motion picture frames. The ball of fire
reached a maximum radius of approximately 32 feet within 1.5 seconds
after rupture on the simultaneous spill, compared to 32 feet radius in
1.8 seconds on the oxidizer-lead spill. Increase in fireball size was
noticeably affected by overpressure pulsations that occurred at the center

of the ball of fire.

~1
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DISCUSSION

LARGE-SCALE HAZARD DETERMINATION TESTS

The large-scale spill tests with biological studies (Phase III of the
basic program) are expected to resume 23 May 1961. Presently, 11 tests
are scheduied; listed below are the propellant quantities and measure-
ments that will be made on each test of Phase III. Toxicity-monitoring
equipment will be available by 1 June 1961 for recording bydrazine and
nitrogen tetroxide concentrations on tests 7 through 11. Only limited
monitoring of chlorine triflusride and nentaberane concentrations will
be attempted since this detection equipment has not completed laboratory

tests and will have but limited field test trials before use.

*1. 500 1b (32.7 gal) CTF; 500 1b (59.5 gal) HZ
2. 750 1b (49 gal) CTF
*¥3. 750 1b (49 gal) CTF (with water deluge)
4. 100 1b (18.9 gal) Pb; 100 1b (11.9 gal) HZ
5. 100 1b (18.9 gal) Pb
**¥6. 100 1b (18.9 gal) Pt (external heating)
7. 835 1b (99.5 gal) HZ
*8. 1500 1b (124 gal) NTO; 500 1b (67.5 gal) UDMH-HZ (50-50)
¥9. 1500 1b (124 gal) NTO; 500 1b (67.5 gal) UDMH-HZ (50-50)
10. 128 1b (15 gal) HZ (external heating, 90-percent ullage)
**11. 1135 1b (135 gal) HZ (external heating, 10-percent ullage)

* Temperatures and size of ball of fire.

** Temperature and pressure measurements inside tank.

R-2452-5 7
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Blas! measuremem s will he made on all Lests oxcepl Lests 2, 6, and 113
olhier measurements are indicated by asterisk., Biologieal studies will be

performed on tests 2005, 7, and ¥,

PliAsE 1

The desipn eriteria Engineering Design Manual has been completed and re-
view copies of this manual are presenily being distributed. Release of
Lhese manuals for Final publication and initial distribution is pending

incarporation of changes from comments received on the review copies.

The Propel lant Handling and Safety Manual, which discusses each propel-
lanl =eparately in four sections, is in rough draft form. After editing

and lyping, review copics of this report will be distributed,

Copies of these manuals may be obbtained through FIRPL, Ldwards AFB,

aliloria,

PHASE 17:  SMALL-SCALE HAZARD DETERMINATION TESTS

Quantitative results from the small-gcenle Lests, the data of which were
heing reduced aud consequently not veported in Rocketdyne Report R-2452-4,
ave included to supplemenf, the preliminary resulls from visual ohserva-
tions previously veportad. The spill test series was desipned Lo deter-
mine the reaction charactervigtics of pentaborane, hydrazine, nitrogen
Leteoside, and chlorine trifluoride when spilled both singly and together

o the following surfaces:
1. Dry concrete
2. Dirt

5. Wood

R-2451
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. Asphalt

Painted carbon steel

b, Wot conerete (water covered)

The tests were made using simultbuancous. propellunt mixing, and with one

propel lant leading or lagging the other propellunt.

Test Bguipment

The spill system ulilized for these tests (us deseribed in R-2452.2)
congists of four 1.,5-gallon tanks with asseciated control valves mounted
to a Tacility punel (Fig. 1). Each tank system is designed specificully

For Lhe propellunt to he handled,

Propellants were spilled in o b It x 4 ft x 172 ft-deep concrele tray
(Fig. 2) speeially constructed for the spill program. A dreain oponing
into the main laboratery deain is used to wash out residual, unburned
propetlant, and combustion products,  The four propellant outlel lines
exbend From the main valves to within a oot of the spill surface and
impinge in o radius of 2 inches. Waler is aupplied to the pit by means
of o de-ionized water line terminnting in a spray nezzle 5 fect above

the tray. Surfaces other than eonerete are placed i the tray o needod,

R-2452-5
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Instrumentation

Because of the unexpected complexities in the interpretation of initial
test results, pressure-sensing devices and photocells were installed for

most of the propellant mixine spills. Two Photocon microphone transducers

(Fig. 3), with ranges of approximately 5 psi, were employed to detect
overpressure shocks. Sensor No. 1 (M-1) was located 10 feet from the
point of contact with the face oriented directly toward the origin.
Sensor No. 2 (M-2) was located 15 feet from the origin in a direct line

with M-1.

Both transducers were mounted about one foot above ground level, i.e.,
in a plane about 14 to 18 inches above the actual contact surface. A

Photocon 505 (lead sulfide) photocell was located about 10 feet from the

point of origin also.

Ignition of the first flame of the reacting propellants was sensed by

the photocell, while overpressure shocks were sensed by the microphone
transducers. Signals generated by these devices were recorded on mag-
netic tape with an Ampex FR-107 FM recorder. The sound tape was replayed
through a Tektronix 535A oscilloscope; photographs were taken of data of
interest with a Polaroid Land Camera attachment to the oscilloscope. In
addition, the tape was replayed at slow speed and significant data were
re-recorded with a CEC galvanometer oscillograph. Ignition and over-
pressure data were compared with high-speed Fastax film to establish the

sequence of significant events in the test results,

Visual results of these tests were recorded on color film with three
high-speed motion picture cameras. A Fastax camera was focused on the
immediate spill contact area and operated at 1000 frames per second; a
Triad camera was used to scan the entire test area at 200 frames per sec-
ond. Selected still-photographs of the results were printed from 70 m
film taken hy a Wilacher camera. opverated over a range of 6 to 20 frames
per second, overlooking the test site. Ambient air temperature was meas-

ured with thermometers suspended in the general laboratory area, while

12 R-2452-5
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humidity and wind velocity were monitored and recorded by the Rocketdyne

Test Operations Control Center.

Test Results
The smali-scale spill tests were completed 23 January 1961. The quanti-

tative results of these small-scale tests performed during the quarter

ending 31 January 1961 are presented.

Chlorine Trifluoride and Ilydrazine. Chlorine trifluoride was spilled

with hydrazine on dry concrete; in each of the three sequence variations
ignition occurred upon contact of the fuel and oxidizer. With simultane-
ous arrival, four distinct overpressure shocks were detected at each of
the microphone transducer stations. The largest overpressure (ca. 0.171
psi) (Fig. %4 ), was detected at M-1 near the end of the actual propellant
flows. A one-second lead of hydrazine produced comparable effects; the
peak overpressure was 0.231 psi (Fig. 5 ). 1In both cases, overpressure
amplitude at M-2 was, on the average, 50 to 60 percent of that at M-1.

No overpressure shock was detected for a spill on dry concrete with an

oxidizer lead.

A 2-inch-deep layer of dirt was placed in the spill basin and spills of
this combinaiion were continued. Both a simultancous spill and a hydra-
zine lead test exhibited immediate ignition, smooth burning and very
slight overpressure effects at M-1. Reaction with no measurable over-

pressure was ohserved with a chlorine trifluoride lead.
The dirt layer was removed and replaced with two inches of water. The

simultaneous spill ignited and produced a series of overpressure shocks

wvhich reached a peak amplitude of 0.490 psi (Fig. 6 ). A lead of

1% R-24592-5
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hyvdrazine generated several minor overpressure disturbances over a period
of soveral hundred milliseconds; a maximum overpressure of 0.126 psi oc-
curred about midway through the propellant flow interval (Fig. 7 ). Over-
pressures as high as 0.178 psi (Fig. 8 ) were observed near the end of the
test with a chlsrine trifluoride lead. In the latter test. the frequency
of overpressure shocks was higher than for the simultanecus spill and

hydrazine-lecad test.

A simultaneous spill of chlorine trifluoride and hydrazine on asphalt
resulted in several minor overpressure shocks; the largest was 0.141 psi.

A test with a one-second hydrazine lead generated only cnc measurable over-
pressure, while the subsequent test with an oxidizer lead produced only
trace overpressures. In all sequences, chlorine trifluoride appeared to
react with the asphalt and caused disintegration and burning at the

surface.

In all tests with the chlorine trifluoride/hydrazine propellant combina-
tion, the photocell employed to detect the reaction failed to function
properly. Thus, it was not possible to identify the time sequence of
initial reaction and overpressure shocks. However, photographic records
indicale that the overpressure shocks were the result of reactions occur-
ring several feet above the spill surface. Further, these reactions were
characterized by bright flashes, starting a few milliseconds after ignit-

ion, in the product gas cloud ahove the spill basin.

Chlorine Trifluoride and Nitrogen Tetroxide. A combined spill of the

two oxidizers failed to exhibit any reaction on dry concrete. Both pro-
pellants were depleted by boiloff within a few minutes of the test. The
three lead sequences showed no differences whatsoever. The combination
also was spilled simultaneously on water. inere was no visible or deteci-

able reaction; even the characteristic '"crackling" of the chlorine

I8 R-2452-5
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trifluovide-wator reaction was not cvidenced, With these {ests, it was
coneluded that no reaelion of any corsequence would result {rom mixing
of thege propellants; therefore, further bLesting of this combination wus

cunceled,

Chlorine Trifluoride and Pentaborane, This combination was spilled first

on u dry eonerebe surface, Simultancous spillage and an oxidizer lead on
this surface resulted in ingtantanenus ignition, smooth burning aud no
measurahle overpresgsures. A one-sccond lead of pentaborane produced
thiree distinet, minor overpressure shocks. However, the f{irst pesk was
the resull of pentaborane ignition with air, at the coacrete surface,
prior Lo Lhe appenrance of chlorine trifluoride {(Fig. 9). The reaction
of pentaborane at the spill contact surface was attributed, in part, to

the Pact thet Lhe surfuce was still woerm from the preceding test.

A sinltanewas spill of chlorine trifluoride and pentaborane and a fuel
lead, on dirl, resulted in immediate ignition, smooth burniug and no
evidence of overpressure. Several small overpressure peahs, of which
only three were measurable, were observed during a combined spill with a

one-gecond oxidizer lead.

Similar results were recorded when the dirt was replnced by an asphalt
surface, No overpresgure shocks were encountered following o simultane~
ous spill or a tesl wilth a pentaborane lead., Overpressures as high as
0.147 psi (Fig, 10) rvesulted from a chlorine trifluoride lead, As noted
hefore, the oxidizer reacted with asphalt to preduce some deberioration

of the surluace,

All three sequences employing this combination, on water, resulted in a

series of overpressure shocks during the tests, Maximum overpressure

R-2%452-5 21
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amplitudes of 0.114, 0.048, and 0.106 psi were recorded for the simul-
taneous spill, pentaborane lead and chlorine trifluoride lead, respect-
ively. In each of these lests, the propellants appeared to buirn cn the

surface of the water until the pentaborane was depleted.

The photocell failed again to operatc preperly durir g this series of
tests. As before, accurate over-all sequencing o the data was not pos-
sible. The photographic evidence for reactions taking place in the prod-

uct cloud above the spill basin was repeated.

Nitrogen Tetroxide and Hydrazine. Although several uninstrumented spills

of nitrogen tetroxide and hydrazine had been made previously, it was de-
cided that this series should be repeated for the purpose of making meas-
urements of overpressure amplitudes. Combination spills were made first
on dry concrete. Approximately 8.75 milliseconds after the photocell
recorded ignition in a simultaneous spill, an overpressure of 0.454 psi
was detected at M-1 (Fig. 11). The speed of sound under the ambient test
conditions was 1127 feet per second, corresponding to an interval of 8.88
milliseconds for sound to traverse the 10 feet between the crigin and M-1.
A shock strength of 0.191 psi was recorded at M-2, 4.45 milliseconds later.
This time delay was in good agreement with the speed of sound computation,
also. Two additional shocks of 0.182 and 0.819 psi were detected by M-1
at 0.113 and 0.430 seconds after ignition (photocell), respectively.

A hydrazine lead on the concrete surface generated a series of overpres-
sure shocks in the time interval between 0.075 and 0.536 seconds after
ignition. Amplitudes as great as 2.000 psi were attained at two points
in this test. Several weak shocks were recorded in a spill of the combi-
nation with an oxidizer lead. A liave oVETPIIIZUrs was datacted at Q 05

milliseconds after photocell activation; shock amplitudes of 0.910 psi

2h R~2452-.5
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were encountered at 38 and 56 milliseconds, successively (Fig. 12), and

a peak of 1.000 psi was recorded 217 milliseconds after ignition.

The same spill sequences were repeated on an asphalt surface. No pres-
sure effects were recorded during a test beginning with a simultaneous
spill of nitrogen tetroxide and hydrazine. A fuel lead resulted in a
series of overpressure shocks, which reached an amplitude of 1.545 psi
several hundred milliseconds after ignition. A combined spill with a
nitrogen tetroxide lead produced immediate ignition and a series of over~
pressure shocks (Fig. 13); these were concluded approximately 60 milli-

seconds after initial appearance.

Overpressure was recorded 38 milliseconds after the ignition of a simul-
taneous spill on dirt. A few hundred milliseconds later a series of
shocks that reached 1.455 psi were observed. Five overpressure shocks,
with amplitudes as high as 1.910 psi (Fig. 1%) were recorded after a hy-
drazine lead on dirt. A nitrogen tetroxide lead on dirt generated a ser
ies of shocks that continued until 0.825 seconds after ignition. A maxi-

mum overpressure of 1.728 psi occurred 0.533 seconds after ignition.

The concrete spill basin was flushed thoroughly and filled with two in-
ches of water. A simultaneous spill of nitrogen tetroxide and hydrazine
yielded five overpressure shocks at 52, 108, 326, 382, and 419 millisec-
onds after ignition, respectively; the maximum overpressure was 1.819 psi.
Several overpressure shocks, in the period from 49 to 485 milliseconds
after ignition, accompanied a combined spill on water with a hydrazine
lead. The test on water, with an oxidizer lead, employed twice as much
total propellant as had been used previously. Thus, overpressures were
observed as late as 0.969 seconds after ignition. However, the maximum

overpressure of 1.046 psi occurred only 46 milliseconds after ignition.
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tn all ol thoe uitvogen tetroxide and hydrazine spill tests, ignition oc-
cnrred immediately upon contaet.  The majerily of Lhese tusts was accom-
pinied by an extended series ol overpressure shocks; the source of the
explosions appeared Lo be an area about two Lo four feet above the spill
contact surface, Color motion pietures clearly defined bright, white
Fashes originating in the product gas cloud ahove the actwd propellant
Fire, Data were corrvelated by compurison of the time bases for the mag-
netic tape and Fastax Pilm. Tn every ifnstunce, it was found that the
Itashes recorded pholographically were related divectly to the overpres-

sures sensed by Lhe microphone trangducers,

ilydrazine and Pentaborane,  Sevoral of the initial spills with this com-

hinabivn wore repeated with full instrumentation., Firgt, the combination
wig apitled simultaneousyy on concrete; ignition occurred after a short
delay aid o slighl overpressure was detected ul M-1. Subsequent burning
wits rapid and smooth; o Tead of pentaborane on the same surface produced
identical results, With a hydrazine lead on concrete, the propellanty
spprared Lo ignite on contact and began Yo burn smeothly. About two
seconds aftep the photocell Tirst senged ignition, the photocell detecled
a second inerease in radiation intensity and overpressures of 2,035 and
20095 priowere observed ato M=1 amd M-2, respectively (Fig., 1%). However,
the shoel wave wis recorded at M-1; only six milliseconds after the step-
change in intensity ab the photocell., As noted previously, a shock trave
eling at the speed ot sound roguires 88 milligeconds to Leaverse the 10
Feol helween the apil) basin and M-1.  In this cuse also, Lhe Lime delay
botween deteclion at M=l and M=2 agreed wilh the caleulated value ot 4.5
millisceonds (Fig, 15),  Later examination of motion pictuves showed that
thix explorion took place in conjuncetion with the post-tesl propellant

Pl g o
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Two combined hydrazine and penlaborane spills were carried out on an as-
phalt surface., Sjimultancous spillage resulted in a large explosion after
an apnreciable delay in reaction; overpressure was recorded at M-1, 6.25
milliseconds afler photocell activation (Fig, 16). The explosion threw
asphal & several Teet through the surrounding test area. Overpressure
amplitudes of 2,365 and 2,423 pyi were ohzerved at M-1 and M-2, respect-
ivelyv., A tead of pentaborane on asphalt resulted in a comparable igni-
tion delay and large explosion, An overpressure of 2,455 psi was detected
at. M-1, 12.5 milliscconds after the photocell sensed ignition; the shock
strength at M-2 was 2,403 psi (Fig. 17). The usphalt was fragmented and
seattered as before. In both tests, the shock transit time between sta-

Lions M-T aud M-U was the theoretical 4.5 millisecconds,

The asphall was replaced Ly two inches of dirt in the concrete spill
basin., Simaltancous spillage of hydrazine and pentaborane on dirt pro-
duced a stight ignition delay and smooth burning until 0.205 seconds
afller photoeell activation. Al that time, the photocell sensed a second
inerease in ‘ntensity: 5.29 milliscconds later, M-1 sensed un overpres-
sure of 2,365 psi.  An overpressure of 2,230 psi was recorded at M-2,
W3 milliseconds later (Mg, 18). A pentaborane lead gave the same se-
quence of eventa,  An overpressure of 2.9500 psi wias observed al M-1,
10,5 milliseconds altor Lhe pholocell indicated ignition (Fig. 19). The

same shoek was recorded as 2,050 psi al M-2 after the usual delay.

ALl vests with hydrazine and pentabhorane were characterized by an appreci-
able deliay in the initial reaction; ca. 30 to 40 milliseconds. 1n teats
of ather combinations, the origin of overpressure shocks appeared to be

in the produci gos cloud above the spill basin, With this combination,
powever, the origin appeared to be located at the contaet surfuace or
willitn Lhe confines of the spill bagin, Certaln other anomilies were en-

eountered also, Time delaya between photoceell aclivation and shock

)
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interaction ol M=-1 were consistently less than the predicted B.8 milli-
seconds . Conversely, shoek trunsition times between M-1 and M-2 were
in gowd arreement with theory, Finally, sbock strengthe vere equal at
stutions M- and M-2, rather thun A0 to 060 percent Tess as abserved for
other propellant combinations and as predicted from TNT equivalence

tables,

I'he result= of all insteumented combined spill tests are summarized in

Table 1.

-3
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TABLE 1

RESULTS OF INSTRUMENTED COMBINED SPILL TESTS

Chlorine Trifluoride and Hydrazine

38

Test No. 27 - Simultaneous Spill on Dry Concrete

Temperature, 62 F; Rel. Humidity, 13 percent

wCTF’ 1.8 1b; wHZ’ 1.0 1b
Time, Overpressure,
sec psi
Station M-1 Station M-2

tl 0.030 0.015
t2 0.111 0.061
t3 0.156 0.076
th 0.171 0.099

Test No. 28 - Hydrazine Lead on Dry Concrete

Temperature, 62 F; Rel. Humidity, 13 percent

Wopp» 1.8 1b; w"Z,.l.j 1b
Time, Overpressure,
sec Ppsi
Station M-1 Station M-2

ty 0.047 0.030
ty 0.096 0.046
t3 0.130 0.092
ty 0.230 0.107

R-2452-5
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Test No.

Test No.

Test No.

Test. No.

Test No.

R-2452-5

TABLE 1
(Continued)
29 - Chlorine Trijfluoride Lead on Dry Concrete
Temperature, 62 F; Rel. Humidity, 13 percent
0 .
waF’ 2.4 1b; wHZ’ 1.0 1b
No Detectable Overpressure
33 - Simultaneous Spill on Dirt
Temperatnre, 60 F; Rel. Humidily, 14 percent
waF’ 1.8 1b; th, 1.0 1b
Trace Overpressure
34 - Hydrazine Lead on Dirt
Temperature, 60 F; Rel. Humidity, 1% percent
waF’ 1.8 1b; Wﬁz, 1.3 1b
Trace Overpressure
35 -~ Chlorine Trifluoride on Dirt
Temperature, 60 F; Rel. Humidity, 15 percent
9 .
WCTF’ 2.4 1b; Wﬁz, 1.0 1b
No Detectable Overpressure
36 - Simultaneous Spill on Water
Temperature, 59 F; Rel. Humidity, 15 percent
wCTF’ 1.8 1b; th, 1.0 1b
Time, Overpressure,
sec psi
Station M-1 Station M-2
t1 0.044 0.030
t2 0.490 0.221
s 0.237 0.099

‘1
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TABLE 1
(Continued)
Test No. 36 (continued)
Time, Overpressure,
sec . psi
Station M-1 Station M-2
t4 0.133% 0.091
t5 0.156 0.099
t6 0.104 0.053
t7 0.319 0.162
Test No. 37 - Hydrazine Lead on Water
Temperature, 58 F; Rel. Humidity, 15 percent
WCTF’ 1.8 1b; WHZ; 1.5 1b
Time, Overpressure,
sec . psi
Station M-1 f Station M-2
tl 0.096 0.057
t2 0.082 0.069
t3 0.126 0.121
tb 0.119 0.107
t 0.067 0.046

Test No. 38 - Chlorine Trifluoride Lead on Water
Temperature, 58 F; Rel. Humidity, 16 percent

2.4 1b; W 1.0 1b

Yorr 17’
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TABLE 1
(Cuntinued)

Test No. 38 (continned)

Time, Overpressure,
sec psi
Station M-1 Station M-2

t 0.033 0.023
t, 0.081 0.053
t3 0.100 0.083
th 0.148 0.068
ts 0.156 0.076
t6 0.178 0.159
t7 0.174 0.129

Test No. 40 - Simultaneous Spill on Asphalt

Temperature, 57 F; Rel. Humidity, 16 percent

WCTF’ 1.8 1b; wHZ’ 1.0 1b
Time, Overpressura,
sec psi
Station M-1 Station M-2
tl 0.104 0.046
t, 0.104 0.061
t3 0.141 0.083

Test No. 41 - Hydrazine Lead on Asphalt

Temperature, 56 F; Rel. Humidity, 16 percent

1.8 1b; W 1.3 1b

wCTF’ HZ’

R-2452-5

41




MROCKETIDY N E

A DIVISION OF NORTH AMERICAN AVIATION IMNC

TABLE 1
(Continued)
Test No. 41 (continued)
Time, Overpressure,
sec psi
Station M-1 Station M-2

tl Trace Trace
t, 0.082 0.038
t3 Trace Trace

Test No. 42 - Chlorine Trifluoride on Asphalt
Temperature, 56 F; Rel. Humidity, 16 percent
2] .
WCTF’ 2.4 1b; WHZ’ 1.3 1b
Trace Overpressure

Chlorine Trifluoride and Nitrogen Tetroxide

Test No. 30 - Simultaneous Spill on Dry Concrete
Temperature, 61 F; Rel. Humidity, 13 percent

1.8 1b; W 1.5 1b

wCTF ! NTO’

No Reaction

Test No. 31 - Nitrogen Tetroxide Lead on Dry Concrete
Temperature, 61 F; Rel. Humidity, 14 percent

1.8 1b; W 2.0 1b

Yorp NTO’

No Reaction

Test No. 32 -~ Chlorine Trifluoride Lead on Dry Concrete
Temperature, 61 F; Rel. Humidity, 14 percent

2.4 1b; W, 1.5 1b

wCTF’ NTO?

No Heaction

L2 R-2452-5
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TABLE 1
(Continued)

Test No. 39 - Simultancous Spill on Water

Temperature, 57 F; Rel, Humidity, 16 percent

1.8 1b; W 1.5 1b

wCTF’ NTO’

No Reaction

Chlorine Trifluoride and Pentaborane

Test No. 43 - Simultaneous Spill on Dry Concrete
Temperature, 70 F; Rel. Humidity, 9 percent
waF’ 1.8 1b; wPB’ 0.7 1b

No Detectable Overpressure

Test No. %44 - Pentaborane Lead on Dry Concrete

Temperature, 70 F; Rel. Humidity, 9 percent

wCTF’ 1.8 1b; WPB’ 0.9 1b
Time, Overpressure,
sec psi
Station M-1 Station M-2
tl 0.103 0.041
t, 0.082 0.0350
t3 0.139 0.101

Test No. 45 - Chlerine Trifluoride Lead on Dry Concrete
Temperature, 70 F; Rel. Humidity, 9 percent
waF’ 2.4 1b; wPB’ 0.7 1b
No Detectable Overpressure

R-2452~5 : :
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TABLE 1

{Continued)

Test No. 40 - Simullaneous Spill on Dirt
Temperature, 70 F; Rel. Humidity, 9 percent
Worp 1.8 1b; WPB’ 0.7 1b

No Detectable Gverpressure

Test No. 47 ~ Pentaborane Lead on Dirt
Temperature, 70 F; Rel. Humidity, 9 percent
WCTF’ 1.8 1b; wPB’ 0.9 1b

No Detectable Overpressure

Test No. 48 - Chlorine Trifluoride Lead on Dirt
Temperature, 70 F; Rel. Humidity, 9 percent

9 1 . h
WCTF’ 2.% 1b; wa’ 0.7 1b
Time, Overpressure,
sec psi
Station M-1 Station M-2
tl 0.051 0.030
t, 0.066 0.C41
t3 0.103 0.051

Test No. 49 - Simultaneous Spill on Asphalt
Temperature, 70 F; Rel. Humidity, 9 percent
WCTF’ 1.8 1b; wa’ 0.7 1b

No Detectable Overpressure

Test No. 50 - Pentaborane Lead on Asphalt
Temperature, 70 F; Rel. Humidity, 9 percent
wCTF’ 1.8 1b; hPB’ 0.9 1b

. - R Y ~
N veutcuvauvry uUvelpleosdur e
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TABLE 1

(Continued)

Test No. 51 - Chlorine Trifluoride Lead on Asphalt

Temperature, 70 F; Rel. Humidity, 9 percent

2.} .
waF’ 2.4 1b; WPB’ 0.7 1b
Time, Overpressure,
sec psi
Station M-1 Station M-2

t1 0.103 0.061
t, 0.147 0.101
t3 0.051 0.051
t& 0.114 0.086
t5 0.059 0.041

Test No. 52 - Simultaneous Spill on Water

Temperature, 70 F; Rel. Humidity, 9 percent

waF’ 1.8 1b; WPB’ 0.7 1b
Time, Overpressure,
sec psi
Station M-1 Station M-2

t1 0.066 0.041
t2 0.073 0.046
ts 0.114 0.071
t 0.059 0.035

R-2452-5
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TABLE 1
(Continued)

Test No. 53 - Pentaborane Lead on Water

Temperature, 70 F; Rel. Humidity, 9 percent

W .
CTI', 1.8 1b; WPB’ 0.9 1b
Time, (Overpressure,
sec psi
Station M-1 Station M-2
t1 0.048 0.035
t 0.037 0.020

Test No. 54 - Chlorine Trifluoride Lead on Water
Temperature, 70 F; Rel. Humidity, 9 percent

2] .
Wopes 2.4 1b; Wop, 0.7 1b

Time, Overpressure,
sec psi

Station M-1 Station M-2

tl 0.106 0.071
t, 0.092 0.061
t3 0.106 0.071
th 0.070 0.061
t5 0.051 0.041
t6 0.103 0.066

Nitrogen Tetroxide and Hvdrazine

Test No. 55 - Simultaneous Spill on Dry Concrete
Tempnerature, 67 F: Rel. Humiditvy., 12 percent

W 1.5 1b; 1.0 1b

NTO’ wﬁ%’

6 ‘ R-2452-5



RNROCK ETIDYMNE

A NMIVIRION OF NCITH AMERICAN AVIATION 1N

TABLE 1

(Continued)

Test No. 55 (continued)

M-2

Time, Overpressure,
sec ___pst
Station M-1 Station
0.00875 0.45h n.191
0.113 0.182 G.048
0.430 0.819 0.333

Test No. 56 - Hydrazine Lead on Dry Concrete
Temperature, 67 F; Rel. Humidity, 12 percent

Wypgs 1-5 1b; W, 1.3 1b

H7Z’
Time, Overpressure,
sec psi
Station M-1 Station M-2

0.075 0.346 0.191
0.117 1.955 1.381
0.143 2.000 1.620
0.187 0.728 0.619
0.264 0.818 0.904
0.299 1.455 0.762
0.571 1.685 1.142
0.399 2.000 1.810
0.456 1.639 1.142
0.536 1.639 0.953

R-2452-5
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Test Mo.

Test No.

Test No.

h&

TABLE 1

(Continued)

77 - Nitrogen Tetroxide Lead on Dry Concrete

Temperaturc, 67 F; Rel. Humidity, 12 percent

\4 0 »

Wypgs 2.0 1b5 W, 1.0 1b
Time, Overpressure,

sec psi
Station M-1 Station M-2

G.00925 Trace Trace
0.038 0.910 0.381
0.056 0.910 0.428
0.217 1.000 0.667

58 - Simultaneous Spill on Asphalt
Temperature, 67 F; Rel. Humidity, 12 percent
[ 24 .
WNTO’ 1.5 1b; wHZ’ 1.0 1b
No Detectable Overpressure

59 - Hydrazine Lead on Asphalt
Temperature, 67 F; Rel. Iumidity, 12 percent

(x4 .
wNTO’ 1.5 1b; WHZ’ 1.3 1b
Time, Overpressure,
sec psi

Station M-1 Station M-2

t 0.409 0.143
ty 0.682 0.333
b 1.545 0.667

R-2452-5
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TABLE 1
(Continued)
Test No. 60 - Nitrogen Tetroxide Lead on Asphalt
Temperature, 67 F; Rel. Humidity, 12 percent

wﬁTO’ 2.0 1b; “HZ’ 1.0 1b
Time, Overpressure,
sec psi
Station M-1 Station M~-2
0.0089 0.636 0.286
0.048 1.229 0.713
0.069 1.091 0.666

Test No, 61 - Simultaneous Spill on Dirt
Temperature, 67 F; Rel. Humidity, 12 percent

wﬁTO’ 1.5 1b; Wﬁz, 1.0 1b
Time, Overpressure,
sec psi
Station M-1 Station M-2
0.038 0.546 0.238
0.356 0.454 0.191
0.379 1.455 0.762
0.403 0.773 0.381
0.446 1.091 0.524

Test No. 62 - Hydrazine Lead on Dirt
Temperature, 67 F; Rel. Humidity, 12 percent
wﬁTO’ 1.5 1b; W gs 1.3 1b

R--2452-5
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TABILE 1
(Continued)
Test No. 62 (continued)
Time, Overpressure,
sec psi
Station M-1 Station M-2
0.118 0.50C 0.286
0.322 0.910 0.381
0.410 1.273 0.857
0.433 1.910 1.571
0.455 1.910 1.619

Test No. 63 - Nitrogen Tetroxide Lead on Dirt
Temperature, 67 F; Rel. Humidity, 12 percent

wﬁTO’ 2.0 1b; Wﬁz, 1.0 1b
Time, Overpressure,
_sec Ps1
Station M-1 Station M-2

0.0975 ' 0.318 0.095
0.436 1.091 0.524
0.465 1.363 0.666
0.533 1.728 1.238
0.6f9 1.091 0.476
0.720 1.091 0.476
0.825 0.728 0.286

Test No. 64 - Simultaneous Spill on Water
Temperature, 67 F; Rel. Humidity, 12 percent

wNTO’ 1.5 1b; Wﬁz, 1.0 1b

R-2452-5



RNROCKETDY NE:

2 DIVINRIOr OF NOII I AMEINICAN AVIATION, it

TABLE 1
(Continued)
Test No. 64 (continued)

Time, Overpressure,
_sec_ psi
Station M-1  Station M-2
0.052 1.363 0.762
0.108 0.910 0.381
0.326 1.272 0.666
0.382 1.819 1.285
0.419 0.819 0.286
Test No. 65 - Hydrazine Lead on Water
Temperature, 67 F; Rel. Humidity, 12 percent
WNTO’ 1.5 1b; sz’ 1.5 1b
Time, Overpressure,
_sec psi
Station M-1 Station M-2

0.049 1.137 0.950
0.297 1.046 0.476
0.332 0.36% 0.190
0.363 0.636 0.190
0.395 1.046 0.428
0.415 0.775 0.333
0.485 1.228 0.619

Test No. 66 - Nitrogen Tetroxide Lead on Water

Temperature, 67 F; Rel. Humidity, 12 percent

W,

Nror 4:0 1b5 W, 2.0 1b

H
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TABLE 1
(Continued)
Test No. 66 (continued)
Time, Overpressure,
sec psi
Station M-1 Station M-2
0.046 1.046 0.428
J.825 0.955 0.381
0.902 0.546 0.190
0.969 0.85% 0.381
llydrazine and Pentaborane
Test No. 67 - Simultaneous Spill on Dry Concrete
Temperature, 70 F; Rel. Humidity, 9 percent
WHZ’ 1.0 1b; wa’ 0.7 1b
Trace Overpressure at Ignition
Test No. 68 - Pentaborane Lead on Dry Concrete
Temperature, 70 F; Rel. Humidity, 9 percent
Wypy 1.0 1b5 Woo, 0.9 1b
Trace Overpressure at Ignition
Test No. 69 —~ Hydrazine Lead on Dry Concrete
Temperature, 70 F; Rel. Huwidity, 9 percent
Wﬁz, 1.3 1b; wa’ 0.7 1b
Overpressure of 2.635 psi (Station M-1) and
2.155 psi (Station M-2) after 2.011 seconds
52 R-2452-5
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Test No.

Test No.

Test No.

Test No.

NOTES:

1. Total weight values are approximate quantities of propellant
spilled during a test.

2. Time is taken from the point of first photocell signal gen-
eration; "t" notations signify photocell failure.

3. Time recorded is taken for the observation at Station M-1;
shocks were detected at Station M-2 approximately %.5

71

73

TABLE 1
(Continued)
Simultaneous Spill on Asphalt
Temperature, 70 F; Rel. Humidity, 9 percent
Wﬁz - 1.0 1b; WPB’ 0.7 1b
Overpressures of 2.365 psi (Station M-1) and

2.423 psi (Station M-2) after 0.00625 seconds

Pentaborane Lead on Asphalt

Temperature, 70 F; Rel. Humidity, 9 percent

4 .

Wirg 1.0 1b; WPB’ 0.9 1b

Overpressures of 2.455 psi (Station M-1) and
2.463 psi (Station M-2) after 0.01250 seconds

- Simultaneous Spill on Dirt

Temperature, 70 F; Rel. Humidity, 9 percent
th, 1.0 1b; wa’ 0.7 1b
Overpressures of 2.365 psi (Station M-1) and

2.230 psi (Station M-2) after 0.21025 seconds

Pentaborane Lead on Dirt

Temperature, 70 F; Rel. Humidity, 9 percent

th, 1.0 1b; wa’ 0.9 1b

Overpressures of 2.500 psi (Station M-1) and
2.650 psi (Station M-2) after 0.01050 seconds

milliseconds later.

R-2452-5
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Additional Single Spills., Additional single spills of chlorine trifluor-

ide, on various surfaces, were made during tests of this oxidizer with
hydrazine and nitrogen tetroxide. A spill on dry concrete resulted in
rapid evaporation of the liquid and no damage to the concrete surface,
However, the propellant appeared to erode further cracks that were al-
ready present in the surface. Dirt and painted steel reacted to some
extent with chlorine trifluoride; reaction was evidenced by sparks and
weak audible reports. Spills into water generated several weak overpres-
sure shocks with amplitudes as high as 0.037 psi at M-1, and 0.023 psi at

M-2. Wood was ignited immediately upon centact.

Single spills of pentaborane were made on concrete, dirt, asphalt, and
water at an ambicnt temperature of 70 F and 9-percent relative humidity.
The fuel floated on the surface of the water for several seconds; it was
ignited with a brief chlorine trifluoride ymrge and burned on the water
until exhausted. After delays of a few seconds, ignition occurred on

the other surfaces with weak audible reports.

Pentaborane spilled on dry concrete at 64 F and 10-percent relative hu-
midity failed to ignite; evaporation was complete in several seconds.

Dirt and asphalt caused ignition of the propellant, after slight delays,

5h R-2452-5
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under the same ambient conditions. In the latter cases, there was some
question of surface contamination as hydrazine had been burned on the

same surfaces some time prior to the pentaborane tests.

Results of instrumented single spills are summarized in Table 2.

CONCLUSIONS

Information from these Small--Scale Hazard Classification Tests will be
integrated with the data generated from the other phases of the Hazard
Classification of New Liquid Propellants Program to define safety cri-

teria for handling and bulk slorage.

The following conclusions regarding propellant reaction characteristics

can be drawn directly from the results of the small-scale spills.

1. All propellant combinations tested, except nitrogen tetroxide/
chlorine trifluoride, will result in ignition and fire in con-

tact with each other.

2. All propellant combinations tested, except nitrogen tetroxide/
chlorine trifluoride, vesult in reactions which may create over-

pressure shocks.

3. All tested combinations with recorded overpressures have TNT
equivalents less than those resulting from liquid oxygen/RP-1
gpills. It can be assumed also, from relative audible reports,
that TNT equivalents for nitrogen tetroxide/pentaborane spills

will be less than those from liquid oxygen/RP-l.

. .. .~ = . .. - . / -
1. ALL 1gniiing combinaiions, eacepi bydrazine, penbabuiane, yicilacd

a series of low-amplitude shock waves.

H-2452-5 51
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All hydrazine-base fuels that ignite will yield vapor-phase
detonations between the fuel and air until complete surface

burning begins.

6. Pentaborane spills may generate hydrogen which will detonate

with air.

~J

If possible, spills of pentaborane should be immediately ig-
nited to prevent formation of toxic vapors and eliminate for-

tuitous ignition,

Supplement 3: Titan YI Propellant Hazards

Several inquiries have been made concerning the characterisitcs of for-
mation of the ball of fire (fireball) on the spill reactions ahoveground
in the tray. This information was not included in the Titan II Propel-
lant Hazards Special Final Report, where the emphasis was placed on
blast and fire phenomena that occurred in the silo and underground tun-
nels. Figure 20 shows the test configuration used on the above-ground
spills in the tray. The oxidizer (200 1b of nitrogen tetroxide) and the
fuel (100 1b of (50-50) hydrazine-UDMH) were spilled from tanks that were
placed in a test-stand structure with the oxidizer tank positioned above
the fuel. Blast measurements and photographic cuverage were taken. The
spills, identified as tesi 11 and test 8, had slightly different spill
conditions, Test 11 was a simultancous rupture of the two prupellant
tanks while test 8 was an oxidizer lead. The oxidizer tank was ruptured
2 seconds before the fuel tank on test 8. On test 11, the ball of fire
reached a maximum radius of approximately 32 feet within 1.5 seconds
after rapture., On test 8, a maximum radius of 32 feet was reached 1.85
seconds after the first noticeahle ignition. Figure 21 shows the film
sequences of the growth of the fireball resulting from the propellant

reaction’on test 8.

58 R-2452-5
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The ball-of-fire growth rates (Table 3) for each test, are estimated data
which were obtained from inspection of the motion picture frame sequences.
The radius of the fireball was estimated by comparing its size to the

20 ft x 20 ft spill tray.

As shown in Table 3, the fireball from the oxidizer-lead spill was more
rapid in growth during the initial hypergolic reaction than the simultaneous

spill.

After this initial growth, the fireball remained unchanged on both test 11
and 8 for approximately 0.2 seconds, Further increase to maximum size was
noticeably affected by overpressure pulsations that occurred within the
ball of fire. These overpressures were recorded by the blast instrumen-
tation, Comparison of the final phase of formation of the bali of fire
shows the growth to be more rapid on the simultaneous spili thian on the
oxidizer-lead spill. Apparcntly the growth of the fireball was acceler-
ated by the higher overpressures that result=d on the simultaneous spill.

Figure 22 shows the overpressure traces recorded on both test 11 and 8.

It can be seen that at the 25-ft-microphone position, the overpressure for
the simultaneous spill reached a maximum of 1 psi as compared to 0.5 psi

for the oxidizer-lead spill.

Conclusions. From inspection of the high-speed film on the two above-
ground spills (test 11 and test 8) three stages are apparent in the for-
mation of the ball of fire resulting from the reaction of the Titan IX

propellants. These stages are:

1. The initial hypergolic reaction of the propellants which results

. " : R} B - [ R] [ I )
A8l v wuUd v iapiu capausivnl v vue Liicuall,
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1-75 .36 PSI )
-8 .67 PSI - ) -
1-35 .S57PSI
1-es L.oes
Test 11. Simultaneous Spill of 200 1b of Nitrogen Tetroxide and
100 1b of UDMH-Hydrazine (50-50) in Spill Tray
=75 .16 PSI e
3 e I-50 .4PS|
o L 1-35 .25PSI
1-25 5 PSI
Test 8. Blast Pressure Measurements from Spill of 200 1b of

Figure 22,

Nitvogen Tebruaide eand 100 10 oi UbMi-Hyarazine (Hu-30)
in Spill Tray, NTO led fuel by 2 Scconds

Oscillograms of OQverpressures Generated on the
Reactions Aboveground in Spill Tray
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2. A period without apparent growth, the duration of which depends
upon the time required for vaporized hydrazine to combine with

air to form explosive vapor-phase mixtures, and

3. After ignition of these explosive fuel-air mixtures, the over-
pressures generated cause expansion of the hall of fire to its
maximum size. This last stage in the growth ends as the fireball

begins to lift and dissipate.
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